A transformer fire occurred in a state office building in Binghamton, NY on February 5, 1981. Particulates from inside surfaces of ceiling panels on 16 of the 17 floors had concentrations of polychlorinated dibenzofurans (PCDFs) ranging from < 1 part per million (ppm) to 1200 ppm while polychlorinated biphenyl (PCB) concentrations varied from 28 ppm to 23,000 ppm. In spite of the wide variations in contaminant concentrations, complete analytical data from 11 floors showed that there was a consistent PCDF/PCB ratio (0.067 + 0.026) and also consistent PCDF isomer group distributions (tetra-CDFs, 33 + 5%; pentaCDFs, 40 ± 3%; hexa-CDFs, 18 + 7%; hepta-CDFs, 6 + 3%). It was found that the particulate samples could be successfully ranked in order of their degree of chemical contamination by an in vitro bioassay. The bioassay was based on induction of keratinization or changes in morphology in mouse epithelial cells. Animal toxicology experiments were carried out with a soot sample containing a PCDF concentration which approximated the mean value found on the ceiling particulates. The single dose oral LD values of the soot and its benzene extract equivalent, each administered to female guinea pigs in 0.75% methyl cellulose, were 410 and 327 mg/kg, respectively. These results demonstrated that the soot matrix had virtually no effect on the toxicity of the chemical contaminants in the soot. Morphological alterations in liver tissues from animals receiving the soot were found after examination by electron and light microscopy. Rabbits dermally exposed to the soot and its benzene extract at 500 mg/kg showed evidence of hypertrophy of centrilobular hepatocytes. In addition the rabbits exposed to the soot extract had a local inflammatory reaction at the site of application. In a subchronic feeding experiment carried out for 90 days with guinea pigs, the lowest effect level was found with an accumulated dose of 1.2 mg soot/kg. The observed effects included salivary gland duct metaplasia and decreased relative thymus weights.
Introduction
Since 1977, government regulations in the U.S. have prohibited the manufacture of transformers or capacitors containing polychlorinated biphenyls (PCBs) as dielectric fluids. However, it has been estimated that over 150,000 tons tAuthor to whom reprint requests should be sent.
mation of significant amounts of the more toxic polychlorinated dibenzofurans (PCDFs) (1) . At a The "air volatiles" are expressed as pg/m3. covered many of the internal surfaces on the 18 floors of the building. The most likely method of distribution for this pyrolyzed material was by means of a ventilation shaft originating in the basement and having access to each floor via ducts in the bathrooms.
This paper is a review of chemical and biological experiments carried out by the New York State Department of Health in conjunction with cleanup operations in the building. Ultimately, data obtained from this work will be used in assessing any health risks associated with reoccupying the building.
Results and Discussion

Chemical Analysis
Shortly after the occurrence of the fire, a soot sample was collected from the stairwell between the 3rd and 4th floors of the Binghamton State Office Building (BSOB). PCBs were found in the sample at a concentration of approximately 10%. More extensive analysis using a combination of conventional liquid chromatography, high-performance liquid chromatography and capillary gas chromatography/mass spectrometry showed the presence of 2,3,7,8-tetrachlorodibenzofuran (2,3,7,8- (5) . In contrast to the soot and dust samples, where penta-CDFs were the predominant PCDF isomer group, in the air samples tetra-CDFs were the major isomer group (Table 3 ). In the case of several samples, particulates and volatiles were analyzed separately and the results showed that significantly higher concentrations of PCDFs were present in the volatile fractions. These two findings taken together suggest that the low concentrations of PCDFs present in the BSOB after removal of all soot and dust deposits were the result of volatilization from the original soot generated by the fire. However, with the experimental evidence currently available we cannot rule out the possibility that some PCDFs may have vaporized from the particulates during the course of sampling. The following compounds were also identified in the air samples at low concentrations (< 3 pg/m): 2,3,7,8-tetra-CDD, penta-CDDs, tetra-and penta-PCBEs.
In Vitro Cell Keratinization Assays
Studies are being carried out in our laboratories to determine whether dioxin-induced biological changes in mouse epithelial cells can be used as a rapid, inexpensive screen for dioxin in various types of samples including samples from the BSOB. Successful application of these screen assays would allow priority ranking of many samples for more effective use of limited high resolution chemical analysis facilities.
One assay is based on the in vitro model described by Knutson and Poland (6) of the dioxin-induced hyperkeratinization response, which is thought to lead to the development of chloracne. It was found that when mouse epithelial cells, designated XB and cloned from a teratoma, were seeded at high density with irradiated 3T3 fibroblasts and incubated in the presence of 2,3,7,8-tetra-CDD for 12 days, the cultures showed evidence of keratinization as seen by the accumulation of Rhodamine B staining material. Other PCDDs, PCDFs, PCBs, and certain polynuclear aromatic hydrocarbon also induced this effect, but with progressively decreasing potency. In agreement with Knutson and Poland (6) we found a keratinization response greater than background with a concentration of 10-11 M 2,3,7,8-tetra-CDD or 3.2 pg/mL. This system was then tested on benzene extracts from 10 samples of the particulate material collected from ceiling panel surfaces. The keratinization activity, relative to floor one (the least contaminated floor), was compared to the high-resolution chemical analysis of the same samples for relative concentrations of total PCDFs, using log scales to present the 400-fold range in the data (Fig. 2) . There was excellent correlation between the two methods (r = 0.89), and the results indicated that the cell keratinization assay was potentially useful as a screen to determine rank order for dioxinlike activity (7) .
Shortly after completion ofthe experiments described above an instability problem was noted in the keratinization response, related to prolonged subculturing. A similar finding had previously been noted by Knutson and Poland (6 Oral exposures were tested in the guinea pig, a species highly sensitive to 2,3,7,8-tetra-CDD and 2,3,7,8-CDF (8) , which are probably the most toxic components of the soot. Dermal exposure was tested with rabbits, which are highly susceptible to dermal lesions from PCDDs (9) . The influence of the soot matrix was determined by comparing the toxicity of the soot with that of its organic solvent extract, which contained no soot matrix (10) . The experimental protocols for acute and subchronic studies of soot toxicity have been described in detail previously (10, 11) .
The oral LD values of the soot and of its benzene extract, each administered to female guinea pigs in a suspension of 0.75% aqueous methyl cellulose, were 410 mg of soot/kg and 327 mg of soot equivalent/kg, respectively. Serum triglycerides were elevated in males at 100 and 500 mg/kg of the soot suspension and in females at 500 mg/kg. Alkaline phosphatase was lowered in females at 500 mg/kg. Histopathology revealed pancreatic duct hyperplasia and salivary gland duct metaplasia in males at 500 mg/kg. The latter lesion was not previously observed when 2,3,7,8-tetra-CDD was administered at acute doses to guinea pigs (8, 12) . Body weight loss was observed in both sexes at 500 mg/kg. Thymus weight decreased in both sexes at 100 and 500 mg/kg, and kidney weights decreased in males at these doses.
Rabbits dermally exposed to soot at a dose equivalent to 500 mg/kg for a 24-hr period exhibited no signs of overt toxicity or weight loss during the 65-day observation period. Histologic examination of thymus, kidney, and exposed and unexposed skin showed no lesions. However, hypertrophy of centrilobular hepatocytes involving 25-75% of the hepatic lobule was observed in two of the three exposed males and in one of the three exposed females. Large round vacuoles, indicative of fatty infiltration, were also observed in approximately 25% of the hepatocytes from this female. The male and female rabbits which received a single dermal application of soot extract equivalent to 500 mg of soot/kg each developed an inflammatory reaction at the application site. The lesion, which first appeared on day 4, developed into a serous inflammatory reaction of moderate intensity and 2 to 3 mm in thickness. The reaction reached and maintained its maximum severity during days 14 to 34 after application. Apparently complete healing occurred by day 41. Skin taken from the reaction site on day 67 appeared microscopically similar to control tissues. Thymus and kidney tissues from all rabbits exposed to the extract were normal. However, although the liver from the males appeared normal, centrilobular hypertrophy that involved 51 to 75% of the lobule was observed in the females.
These results indicated that the soot matrix plays virtually no role in diminishing the acute oral lethality of the soot contaminants. However, the dermal studies with rabbits indicated that the soot matrix prevented a local inflammatory reaction, even though enough absorption occurred to produce liver pathology similar to that produced in rabbits dernmally exposed to the extract. (9) . It is thus apparent that the 2,3,7,8-tetra-CDF contributed significantly more to the lethality of the soot than did the 2,3,7,8-tetra-CDD at low dose levels. Chemical analysis of the soot revealed the presence of many additional PCDD and PCDF con geners, along with potentially toxic PCBs, PCBEs, and PCNs, which may also have contributed slightly to the lethality.
A cumulative dose of 1.2 mg soot/kg administered over 90 days was the no-effect level. Based on the acute oral lethality of the soot and the 2,3,7,8-tetra-CDD concentration required to produce such a lethality (see above), soot consumption at the no-effect level resulted in a total intake of toxic components equivalent to a dose of 70 ng 2,3,7,8-tetra-CDD/kg (0.78 ng/kg/day). The toxic dose of soot at the lowest effect level (1.9 ppm) was equivalent to 700 ng 2,3,7,8-tetra-CDD/kg (7.8 ng/kg/day). This finding contrasts with data from rats, where a total dose of 650 ng 2,3,7,8-tetra-CDD/kg given over 90 days produced no toxic effects (13) .
Toxic effects of the subchronic exposure were observed at slightly lower total doses than with acute exposure, although variations in absorption due to the effects of different vehicles (aqueous in the acute study versus the feed in the subchronic study) could account for some or all of this difference. Studies are currently underway to determine the toxicity of 2,3,7,8-tetra-CDD administered over 90 days to guinea pigs in an effort to determine what concentration of 2,3,7,8-tetra-CDD in the feed would produce a comparable toxicity to that of the soot when administered subehronically.
Liver Morphology
Detailed morphological studies were carried out with liver tissue sections from a number of the guinea pigs that had been administered either 2,3,7,8-tetra-CDD or soot in 0.75% methyl cellulose vehicle in the acute toxicity experiments.
By light microscopy, the liver architecture was well preserved in both control and experimental animals. Small areas of focal necrosis and bile duct proliferation were noted in some experimental animals. Consistent alterations observed at high incidence in the experimental animals relative to the controls were hepatocyte degeneration, and acidophilic hyalinlike inclusion bodies. The inclusion bodies were difficult to distinguish in routine hematoxylin and eosin (H&E)-stained paraffin sections, but were easily observed in phosphotungstic acid-hematoxylin (PTAH) sections (Fig. 3) , or in semithin (0.25 ,um) Epon sections (14) . The altered hepatocytes were primarily centrilobular.
By electron microscopy, proliferated smooth endoplasmic reticulum (SER), margination of mitochondria, and concentric membrane arrays (CMAs) were observed. The CMAs correspond to the acidophilic hyalinlike inclusion bodies observed by light microscopy. The proliferated SER was observed in large islands and accounts for the hepatocyte hypertrophy and altered distribution of mitochondria (Fig. 4) . The CMAs were formed by alignment and condensation of the proliferated SER (Fig. 5) . A few altered mitochondria were observed in the two highest dose groups. These changes were decreased matrix density and parallel alignment of cristae.
The observed alterations as a result of BSOB soot and 2,3,7,8-tetra-CDD were similar. Although no clear qualitative variation with dose was observed, all the dose groups were altered relative to the controls. This result is not uncommon (15) and is probably a complex function of the response of individual animals, the sampling of liver tissue, and the dosing regimen. Although multinucleated hepatocytes are found in other species they were not observed in this study. This result is consistent with other observations in guinea pigs (12, 16) .
These results are generally in agreement with published reports in other species (17) and are presented elsewhere in more detail (14) . However, it has been stated previously that there are either slight or no significant changes in guinea pig livers exposed to 2,3,7,8-tetra-CDD and 2,3,7,8-tetra-CDF using H&E stained sections (8, 12, 16 These assumptions require that attention be focused only on the tetra-, penta-, and hexa-substituted PCDDs and PCDFs. The concentration of 2,3,7,8-tetra-CDF in the sample used in animal toxicology experiments was measured at 48 ppm; since data in the literature (8) indicate that the LD,, of (1,2,3,4,7,8-,1,2,3 
